Objective: the aim of this study was to describe the clinical data and sonographic evolution of subependymal cysts (SEC) and to compare alone SEC versus SEC combined with other brain abnormalities.
Introduction
Immaturity of the central nervous system makes newborn infants very vulnerable. The routine use of transfontanellar ultrasound (US) in neonatology facilitates the monitoring of neurological pathologies such as periventricular and intraventricular hemorrhages and leukomalacia. In addition, US permits the identification of almost imperceptible lesions, such as subependymal cysts (SEC), whose prognosis and etiology are not yet totally clear. SEC, also known as subependymal pseudocysts, were first described by Larroche 1 in a necropsy study. The author observed, isolated, single or multiple, well-defined cavities in a newborn brain in two predominant locations: on the floor of the lateral ventricles next to the caudothalamic groove and at the external angle of the lateral ventricles. The cysts at the extreme angle of the lateral ventricle form earlier, meanwhile those on the caudothalamic groove occur later during gestation. 2, 3 Because of the absence of a layer of ependymal cells covering the interior of the cavities, these lesions were initially classified as pseudocysts.
Starting in 1980, various authors have used US to diagnose and study these pseudocysts. [3] [4] [5] also known as subependymal cysts. 6, 7 The purpose of this study is to present a series of 66 cases of newborns with subependymal cysts, located at the external angle of the lateral ventricle. More specifically, to characterize the ultrasonographic evolution of SEC and comparatively analyze the newborns with isolated cysts and those who present cysts associated with other lesions in relation to maternal, perinatal and neonatal factors.
Methods
From 1980 to 2000 a total of 9,138 newborns admitted to the neonatal unit of Hospital Port-Royal, Paris, were submitted to at least one transfontanellar US on the first days of life. Sixty-six were diagnosed with subependymal cysts at the external angle of the lateral ventricle, the first case was diagnosed in 1983.
The ultrasonographic exams were always performed by the same two professionals responsible for the department, initially with a sectorial bidimensional machine in real time ATL 300, later with an ATL 400 and finally, starting in 1991, with a Hitachi EUB 414. A 5-MHz probe was used.
The cysts were photographed and measured, and their number and location were determined, as well as the diameter of the coronal planes and length of the sagittal planes ( Figure 1 ).
The ultrasonographic exams were repeated depending on gestational age, underlying disease, evolution and length of hospital stay of these newborns and not on the diagnosis of SEC. In 49 of the 66 newborns, a series of US was carried out, which allowed studying the evolution of the cysts. An increase in cyst size of more than 30% of the cyst's previous size and its disappearance (on the sagittal or coronal plane) were deemed important.
In this patient population, other US alterations were also investigated: periventricular and intraventricular hemorrhage (PIVH), classified into four degrees compliant with the classification used at Port-Royal, 8 periventricular leukomalacia (PVL), 9 lenticulostriate vasculitis, germinolysis when in the presence of localized cysts in the subependymal region of the caudothalamic groove, 10 and ventricular dilation characterized by an increase in the lateral ventricles over 5mm on the coronal plane at the level of Monro's foramen. 11 This study was authorized by the Ethics Committee. The information about maternal, prenatal and birth conditions, the newborn's data, the electroencephalography evaluation were obtained from the newborns' medical records and from their mothers. Gestational age was determined using the first day of last menstruation. Congenital infections were investigated during prenatal care through maternal serology. The morbidity and mortality of the newborns were assessed. Bacterial infections were diagnosed in newborns who presented a suggestive clinical status associated with abnormal hemogram and C-reactive protein, either with or without positive hemoculture results and either with or without definition of a focus.
The results of the pathoanatomical tests were evaluated in the 11 cases of death when authorized by the family.
The newborns with subependymal cysts often presented other lesions on the transfontanellar US and because of this were divided into two groups: G-I consisted of newborns with isolated cysts, and G-II included newborns with concomitant cysts and other lesions on ultrasonographic examination.
This study was authorized by the head of the Neonatology Department of Hospital Port-Royal and approved by the Ethics and Research Committee of the School of Medicine of Botucatu-Unesp.
Student's t-test, chi-squared tests or Fisher's exact test, 12 Mann-Whitney test and Kruskal-Wallis test 12 were used for statistical analysis, with a significance level of 5%.
Results
The GI group consisted of 21 newborns with isolated SEC and G-II included 45 newborns with SEC and associated lesions, namely periventricular and intraventricular hemorrhages (n=16), periventricular leukomalacia (n=13) and germinolysis-related lesions, vasculitis or hemorrhage with leukomalacia (n=16). One GI patient and 10 G-II patients died. Of these, five patients presented PIVH, four presented with PVL and one patient had lenticulostriate vasculitis.
Newborn evaluations of prenatal, perinatal and postnatal variables as well as characteristics and evolution of cysts were made by comparing newborns with isolated SEC versus those with SEC and other lesions (GI X G-II), as shown in Tables 1 and 2 .
Of the 66 patients studied, 22 were full term and 44 were preterm. Gestational age varied from 26 to 42 weeks, and greater maturity was related to newborns with isolated cysts (GI). Birthweight, head circumference and length were significantly greater in newborns with isolated cysts. The frequency of twin pregnancy was high in both groups.
A high incidence of malformations was observed, 19% in GI and 13% in G-II, with a higher frequency of isolated defects, such urinary tract malformations, hemivertebra, agenesis of the corpus callosum in GI and more serious malformations, such as diaphragmatic hernia and complex congenital cardiopathy, in G-II (Table 3) . Congenital infections including toxoplasmosis, syphilis, rubella, hepatitis B were systematically investigated; CMV was investigated in the majority of patients. These infections were not considered acute in any of the women or newborns. Four mothers were serologically positive for HIV. Their newborns did not develop any intercurrent diseases and their serological tests were negative for HIV.
Newborns with isolated cysts (GI) had significantly higher Apgar scores at one and five minutes than the G-II newborns.
The most frequent neonatal morbidity in this study were respiratory disorders with a significant difference between the groups; the disorders were more severe in G-II, principally in the patients with cysts and leukomalacia and in those who died, indicating a significantly greater need of mechanical ventilation in this group.
Bacterial infections in the neonatal period were not frequent in this sample and there was no statistical difference between GI and G-II. The majority of infections occurred early and only five newborns presented late infection. Table 2 shows the characteristics of single or multiple, unilateral or bilateral cysts with no statistical difference between GI and G-II. When the cysts were unilateral, there was a significant predominance of left side location (26/28 -93%, p<0.01). There was no statistical difference between the groups in terms of number and size of cysts, with a The evolution of SEC could be followed in 49 newborns who had a series of US exams, and did not differ between the groups studied. Cyst size increased in 41% of the patients, the cysts disappeared in 28% and remained unaltered in 31%. The increase or disappearance occurred regardless of the lesion that accompanied the cysts but we observed that in the majority of deceased newborns, there was an increase in the size of the cysts generally early on and in none of these patients did the lesion disappear. The maximum increase of the cysts was detected in the majority of the cases in the first month of life, corresponding to a corrected age of 31 to 43 weeks. The period in which cysts disappearance was detected varied from 22 days to six months of life. In nine of the 11 patients whose cysts disappeared, this occurred before the third month of life, which corresponds to a corrected age between one and two months.
The presence of ventricle dilation on ultrasonography occurred in 50% of G-II, but did not differ statistically in relation to GI (20%). The deceased patients presented a higher frequency of dilation (54%) related to the presence of PIVH and PVL.
An electroencephalogram was performed in 44 patients and 34% of the electroencephalograms showed altered results. In the deceased patients, the electroencephalographic alterations were significantly more frequent and more serious and were present in 63% of the patients.
Various patients presented neurological alterations as cause of death (Table 4 ). In five of these patients a pathoanatomical exam was done. PVL was confirmed in the autopsy of three patients previously diagnosed by US. In one of them, widespread lesions to the white matter suggested cytochrome oxidase deficiency. In the other two patients, PVL was less intense, however it was accompanied by edema and congestion. The autopsy did not reveal central nervous system malformations; there was only one patient with heterotopias of the cerebellar vermis.
Discussion
The incidence of SEC diagnosed by US varied from 0.5% to 5% of newborns, and this disorder was found in term as well as in preterm newborns. 3, 5 Albeit common, these cysts are rarely referred to in the literature. The incidence was 0.7% in the present study, which is consistent with other literature findings.
Larroche 1 proposed that subependymal cysts diagnosed at birth could reflect the work of harmful agents during pregnancy such as infections, placental deficiencies, vascular disorders, causing hemorrhages or ischemias which would alter fetal development and would destroy CNS cells. In 2002, Makhoul et al. 13 carried out a meta-analysis of 24 available studies, including cysts at the external angle of the lateral ventricle and those on the caudothalamic groove. This meta-analysis demonstrated a significant association of these cysts with prematurity, gestational complications, intrauterine growth restriction, perinatal asphyxia, fetal infections, congenital anomalies and chromosomal aberrations. In the present study, the cysts associated with other lesions were more frequent than isolated cysts. The lower averages of gestational age, birthweight, length and head circumference of the newborns with associated lesions suggested that these associations were due to prematurity and to classic neurological lesions: PIVH and PLV.
The germinal matrix initially covers the entire lateral wall of the fetal ventricular system, the volume increases up to 26 weeks, begins to regress after 27 weeks of gestational age, persisting only in the region of the head of the caudate nucleus in the third trimester and practically disappears around term. 14, 15 SEC at the external angle of the lateral
G-I Diaphragmatic hernia with respiratory insufficiency

G-II Hypoxic ischemic encephalopathy syndrome
G-II Complex heart disease
G-II Metabolic disease with respiratory insufficiency and pulmonary hypertension
G-II Disseminated intravascular coagulation with probability of infection
G-II Severe and progressive periventricular leukomalacia
G-II Congenital pyruvate dehydrogenasedeficiency
G-II Severe pulmonary hemorrhage, acute renal insufficiency
Table 4 -Causes of death of patients with SEC, distribution into groups G-I and G-II
Diagnosis of subependymal cysts by brain ultrasound -Fekete SMW et alii ventricle form early in gestation, but in spite of the time of formation of SEC, in this study, the premature newborns with gestational age from 26 weeks as well as term newborns were diagnosed with cysts at the external angle of the lateral ventricle. This result is similar to that found in the literature where gestational age of newborns with SEC varied from 27 to 42 weeks. 3, 5, 16 Some studies show high rates of malformations associated with cysts, as Mito et al. 17 who identified 10 cases of malformations in 15 deceased newborns with subependymal cysts, highlighting congenital cardiopathies and cerebral anomalies, especially neuronal migration disorders. Other authors refer to the association of SEC with malformations, and also associations with metabolic diseases such as Zellweger syndrome and holocarboxylase synthetase deficiency. [18] [19] [20] In the present study, special attention was riveted on the elevated frequency of congenital malformations which accompanied the cysts, among which were congenital cardiopathies (IVC and complex cardiopathy), one case of agenesis of the corpus callosum and one patient with heterotopias of the cerebellar vermis. Metabolic diseases were detected in two patients: one patient, whose cerebral histological pattern suggested cytochrome oxidase deficiency and another one whose dosage of pyruvate dehydrogenase in lymphocytes demonstrated a deficiency of 65% in activity. The diversity of malformations did not allow for the establishment of a mechanism of cause and effect between detected anomalies and subependymal cysts.
Another proposed etiology refers to congenital infections. The occurrence of germinolysis lesion or multiple cysts in the thalamic regions in cases of fetal rubella or cytomegalovirus infection is well documented in the literature. 21, 22 In this study, similarly to the results found by Sudakoff et al., 16 congenital infections were not detected in newborns with SEC.
The subependymal cysts were multiple and bilateral in the majority of cases, meanwhile, the number of cysts per patient was not large, oscillating between two and three. The bilateral nature of SEC is a characteristic described by most authors in the literature. 3, 5, 16 A very interesting result of the present study was that unilateral SEC occurred with an absolute predominance on the left side, a fact already reported by Mito et al. (1989) 17 and also observed in cases of PIVH. 8 Perhaps the subtle differences of cerebral vascularization could explain it, since the left carotid artery develops separately from the aorta and close to the ductus arteriosus, increasing susceptibility of the brain to blood flow alterations. This should be better evaluated by new studies, because it suggests a vascular etiology of SEC. The size of the cysts was variable with a maximum dimension of 34 mm in two deceased patients. The median size ranged from 4 to 12 mm, which is compliant with the data from the literature. 5, 7 There is little reference to the evolution of SEC in the literature, most likely due to less frequent ultrasonographic monitoring. Rademaker et al. 3 observed persistence of the cysts in 64% of patients after 40 weeks of post-conceptional age and the disappearance of these cysts in the first six months after birth. In the present study, the monitoring of the patients offered interesting results in terms of the size of SEC which, in 41% of the newborns, increased primarily in the first month of life. This is nor related to gestational age neither to the associated lesions. Still concerning the evolution of SEC, we could document the disappearance of the cysts in almost 30% of the sample, in most cases, before three months of age. Literature reviews that have documented the ultrasonographic evolution of SEC are few and the existing ones did not reveal ventricular dilation. 3, 24 In newborns with isolated SEC, a slight ventricular dilation was found in 20% of the patients who had a series of ultrasonographic exams, without a statistical difference in relation to the group with associated lesions, which raises the question about the harmlessness of subependymal cysts even when isolated. Conversely, half of the newborns in G-II developed slight to moderate ventricular dilation, a fact that is to be expected due to the lesions associated with the cysts. 23 The main causes of death were malformations and other neurological lesions. The size of the cysts in these newborns did not statistically differ from the others, however, two patients who died on the first day of life presented much larger cysts than the rest, with 34 mm in the sagittal plane. One of these patients presented signs suggestive of a metabolic disease, cytochrome oxidase deficiency, while another one had severe PVL. Thus, it is possible that the etiology of the cysts in these two cases was not the same as in the rest. The evolution of SEC did not appear to be associated with intercurrent neonatal diseases, since the frequency of growth of these cysts in the deceased newborns was similar to that of the survivors; the cysts did not disappear probably due to the fact that death did not allow long-term monitoring. The ventricular dilation present in 6 of the 11 patients who died denotes the severity of the neurological lesions associated with SEC, especially the third degree PIVH whose serious prognosis is well known. 25 The electroencephalographic alterations and the autopsy findings confirm the severity of the lesions. Within the few reports on autopsy in patients with subependymal cysts, the study conducted by Mito et al. 17 showed high rates of malformations.
In the literature, no study referring to subependymal cysts reported electroencephalographic monitoring, although this is a very useful tool for understanding brain damage and newborn prognosis, even when the cerebral lesions are not detected in the US. 26 In this study, two of the 10 newborns with isolated SEC who had an electroencephalographic investigation showed slight and transient alterations. Meanwhile in G-II, 38% of the newborns presented alterations on the EEG, and these alterations predominated and were more intense in the deceased patients, which can be explained by the severity of the neurological lesions associated with the subependymal cysts in these patients.
The etiology of SEC was not determined, but some factors seem to be related. Among these are the high rate of associated malformations, which could indicate SEC as a cause of malformation, and the predominance of the left side of the brain which reinforces the possibility of a vascular etiology. The association with metabolic diseases, already described in the literature and observed in two patients in this sample should be suspected when the cysts are large. The presence of other associated lesions did not interfere in the characteristics and evolution of SEC, Diagnosis of subependymal cysts by brain ultrasound -Fekete SMW et alii suggesting a random association of the subependymal cysts with other cerebral lesions. The mortality of newborns with SEC is related to the severity of the associated lesions, including neurological lesions and malformations.
This study, with a detailed analysis of an ample series of SEC cases, specifically at the external angle of the lateral ventricle with long-term ultrasonographic monitoring, provides data that allow a better understanding of this lesion. The results demonstrated herein can guide other colleagues in their daily practice and stimulate new research to confirm and better explain some aspects discussed here.
